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Pu Sintered pellets of uranium­plutonium mixed oxides with ­=r=—■—=­— ratios U ­j­ Pu from 5 to 90 % ­were oxidized under appropriate oxygen partial pressures at different temperatures. The oxidized samples were analyzed by ceramo­graphy and X­ray diffraction. The results were used to construct the partial 
U­Pu­O phase diagram for TT ■ =— ^ 2.00 at room temperature, 600°, 
1 000° and 1 400° C. 
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w i t h — u p t o 2 .20 a n d — ^ 0 .30 . A s i n g l e p h a s e " M 4 0 9 " t y p e ex i s t s 
w i t h -=-p b e t w e e n 2 .20 a n d 2 . 2 7 . T h i s p h a s e d o e s n o t s h o w a s u p e r l a t t i c e as M tr tr 
r e p o r t e d f o r U 4 0 9 . W i t h i n c r e a s i n g t e m p e r a t u r e t h e t w o p h a s e r e g i o n b e ­
c o m e s s m a l l e r . A t 1 4 0 0 ° C a s i n g l e f luo r i t e p h a s e ex i s t s f o r all P u c o n c e n t r a ­
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ABSTRACT 
Pu Sintered pellets of uranium­plutonium mixed oxides with y ¡ —— ratios 
from 5 to 90 % were oxidized under appropriate oxygen partial pressures 
at different temperatures. The oxidized samples were analyzed by ceramo­
graphy and X­ray diffraction. The results were used to construct the partial 
U­Pu­O phase diagram for — ^ 2.00 at room temperature, 600°, 
1 000° and 1 400° C. 
At room temperature a two phase region M 0 2 + ·< + " M 4 O e " was observed 
w i t h e r up to 2.20 and =g; 0.30. A single phase " M 4 0 9 " type exists 
with τττ between 2.20 and 2.27. This phase does not show a superlattice as 
reported for U 4 0 9 . With increasing temperature the two phase region be­
comes smaller. At 1 400° C a single fluorite phase exists for all Pu concentra­
tions and -z-z up to 2.27. 
M 
Above O/M = 2.27 and for overall Pu/U ­f­ Pu ratios below 0 . 5 , a plutonium­
rich fluorite phase is in equilibrium with a uranium­rich orthorhombic 
U 3 0 8 ­ type phase. When oxidation takes place at 600° C a metastable phase of 
the tetragonal U 3 0 , type is formed for — < 0.25 and z-z ^ 2.28, and 
no segregation of plutonium occurs between the U 3 0 8 ­ type phase and the 
fluorite phase, because cation diffusion is too slow at that temperature. 
The oxidation limit in air was determined for all compositions and tempera­
tures studied. The pattern of the U 3 0 8 structure was completely indexed 
with reference to its pseudohexagonal form, and the dependence of its lattice 
parameters from oxygen and plutonium content was studied. 
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* ) STUDIES ON THE TERNARY SYSTEM UO« ­ U,Oa ­ PuO- ' ¿ j α ¿ 
Introduction 
The U­Pu­O system has been studied by several authors, using mainly 
high temperature and room temperature X­ray methods. BRETT and FOX 
investigated the oxidation behaviour of U­Pu mixed oxides at 750 C 
(4). DEAN made X­ray measurements on mixed oxides at 800 ­ 1400 C 
(3). These data have been used by MARKIN and STREET (1) (2), to­
gether with their own X­ray measurements, to construct a tentative 
partial U­Pu­O phase diagram. Preliminary results on the U­Pu­O 
system at 600 
and BLANK (5). 
° and 1000°C have been communicated by SARI, BENEDICT 
As the results presented up to now were rather incomplete, we have 
undertaken more detailed studies, using micrographie and X­ray ana­
lysis. 
*) Manuscript received on 14 May 1969· 
1. Experimental 
1.1. Preparation of the starting material 
The starting material used was sintered pellets of general 
Pu composition D, Pu 02, with y = ü + p u. 
These were obtained by coprecipitating ammonium diuranate and 
plutonium hydroxide from a nitrate solution, calcining in air, 
reducing in hydrogen, compacting to pellets and sintering in 
a N2/8#H2 mixture at I5OO0 - 1700°C. The U/Pu ratio and im-
purities of each batch was determined by chemical analysis. 
A typical impurity analysis is given in table I. Homogeneity 
was ascertained by autoradiography, metallography and X-ray 
diffraction. The oxygen stoichiometry was determined gravi-
metrically by equilibration of duplicate samples with a CO/CO„ 
10 : 1 mixture at 85O C (6) and from lattice parameter measure-
ments. 
1.2. Oxidation of samples 
Small discs 2 - 3 mm thick were cut from the sintered pellets 
and oxidized under appropriate oxygen partial pressures at 
600°, 1000° and 1400°C and then quenched to 3°C. In order to 
determine the phase diagram at room temperature, a set of 
samples were 
temperature. 
oxidized at 900 C and cooled slowly to room 
The 0/M ratios of the oxidized specimens were determined by 
equilibration with a CO/CO- 10 : 1 mixture at 850°C (6). 
1.3· X-ray measurements 
Samples were studied in a 114.6 mm 0 Debye-Scherrer camera and 
on a Siemens diffractometer. These instruments had been con-
7-
TABLE I 
Typical impurity analysis of sintered (U,Pu)0 pellets 
Fe <50 
Si 100 
Mg 20 
Mn <10 
Cr 5 
Ni <10 
Pb not detected 
Bi not detected 
Al <100 
Mo <^  10 
Sn not detected 
Ag 2 
Zn not detected 
Cd not detected 
V not detected 
s t r u c t e d or modified for use with Pu ( 7 ) · For Debye-Scherrer 
work, N i - f i l t e r e d CuK-radiation was used . With the d i f f r a c t o -
raeter, pure CuKcc,. d i f f r a c t i o n diagrams were obta ined by i n s e r -
t i n g a quar tz monochromator between the sample and the counter 
t ube . Cubic l a t t i c e parameters were ob ta ined by e x t r a p o l a t i o n 
2 a g a i n s t cos G wherever sharp high angle l i n e s were a v a i l a b l e . 
In the o ther c a s e s , l a t t i c e parameters were obta ined from d-
values s u i t a b l y c o r r e c t e d for sys temat ic e r r o r s . 
1.4. Metallography 
The samples were c u t , cold-mounted in a r a i d i t e , ground on 600 
emery paper and po l i shed with 3 5 1 and 1/4 micron diamond pas t e 
on mic roc lo th . The m i c r o s t r u c t u r e was r evea l ed by chemical 
e tch ing with a v a r i e t y of e tchan t s c o n s i s t i n g mainly of HNO , 
H SO,, HF and H_0 in varying p ropor t ions chosen according to 
the Pu and 0 con ten t s of the sample. 
2 . Resu l t s 
2.1. Phase diagram at room temperature 
(U,Pu)Op solid solutions were oxidized at 900 C under appro-
priate oxygen partial pressures for 20 hrs. and cooled down 
slowly to room temperature. The results of ceramographic and 
X-ray analysis are represented in the phase diagram of fig. 1, 
A two phase region containing two fluorite phases has been 
found for 0<y£0.30; the high and low oxygen limits of this 
region vary with the plutonium content (see fig. 1). The pha-
ses have been designated M0_ and "M,0 ". Typical micro-
° 2+x H- 9 
structures of this region are shown in fig. 3 and compared 
with those found in the U-0 systems, fig. 2. On the basis of 
Iß 
I 
t> 
Fig, 1 Phase diagram at room temperature 
10 
uo 2.06 χ 500 
Fig. 2 - Microstructure of two phase region U0? + U.0 
at room temperature 
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the s i m i l a r i t y of t he micrographs, f i g s . 2 and 3» the s i n g l e 
phase with 2 . 2 0 < § = 2.27 and ■=—­ < 0.30 was named "M.O " r M U+Pu — H 9 
( f i g . 4) a l t h o u g h no s u p e r l a t t i c e of t h e U.O t y p e has been 
d e t e c t e d by X ­ r a y s . The X­ray r e s u l t s g i v e n i n t a b l e I I c o n ­
f i rm t h e e x i s t e n c e of a two p h a s e s r e g i o n . The oxygen c o n t e n t 
and t h e r a t i o of t h e two FCC p h a s e a s d e t e r m i n e d by X­ray 
l i n e i n t e n s i t i e s were u s e d to draw t h e l i m i t s of t h e r e g i o n . 
We b e l i e v e t h a t a t y ~ 0 . 3 0 t h e "M.O " t y p e p h a s e t r a n s f o r m s 
i n t o a normal FCC p h a s e . 
A two p h a s e r e g i o n e x i s t s f o r ττ be tween 2 . 2 8 and 2 . 6 1 and e x ­
t e n d s i n t o t h e d iagram up t o a b o u t U_ C-^^-Q cOp ? c · A t y p i c a l 
m i c r o s t r u c t u r e i s shown i n f i g . 5 · The two p h a s e s a r e a u r a ­
n i u m ­ r i c h U On­ type phase d e s i g n a t e d M OQ , and a p l u t o n i u m ­
r i c h MO f l u o r i t e t y p e p h a s e . From t h e Μ­,Οο s i n g l e p h a s e 
f i e l d a t TT > 2 . 6 1 i t can be s e e n t h a t t h e s o l u b i l i t y of Pu i n 
M ^ 
U On ends at y ^  0.06. So any point in the above mentioned 
two phase region is situated on a tie­line joining a point on 
the low oxygen limit of the M0_ phase field. The compositions 
of the end points of the tie­line are designated by M' Oo and M"0_ , respectively. The method used for the determina­2+x' r 
tion of the tie­lines will be described in sect. 2.6. The 
dotted line joining Un ,­Pu„ Jò0 οτ. and PuO­, represents the 
oxidation limit at 900 in air and not necessarily a phase 
boundary. For the same reason, the M' 00 + M"0_ region J ' 3 o­z 2+x ° 
has not been completely delimited to high oxygen contents. 
2.2. Plutonium segregation at 1000 C 
The (U,Pu)0 pellets were oxidized at 1000°C for 20 hrs to 
0 the desired ττ ratio and then quenched. The main purpose was 
to investigate the plutonium migration in the region of high 
0/M ratio. A rough estimation of plutonium diffusion in MO 
had already been made on the basis of metallographic results 
(5)· The experimental results are represented in fig 6 and 7· 
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y 
0.05 
0.10 
0.15 
0.15 
0.20 
0.25 
0.30 
O/M 
2.218 
2.208 
2.07 
2.14 
2.17 
2.21 
2.23 
2.15 
2.19 
2.22 
2.26 
2.21 
2.24 
low oxygen 
*frj 
­
­
5.4535 
5.45092 
5.4506 3 
­
­
5­4373 
­
­
­
5.42941 
­
f . c . c . phase 
amount ¿ψ> / 
­
­
100 
60 
41 
­
­
100 
­
­
­
45 
­
Table I I 
high oxygen 
&ftj 
5.4395 
5.4395 
5 . 4 3 ^ 2 
5·4332 2 
5.4324 
5 . ^286 
­
5­4329 
5.4243 
5­4259 
5.42251 
5.4210 
f . c . c . phase 
amount £~% ~J 
100 
100 
4o 
59 
100 
100 
­
100 
100 
100 
55 
100 
Lattice parameters of f.c.c. phases for samples slowly cooled from 
9OO ­ 1000 C. Errors are in general + O.OOO5 A. Larger errors are 
indicated by superscripts: = + 0.001 Å, " = + 0.002 1-, = + O.OO38. 
μ ω 
c) ( U \ΐ5) 02,H χ 500 
Fig, ) - Microstructure of tío phase region MO, + "HtO." at room temperature. 
>";> i 
«iiiiil 
' ι Λ Ι IMLV U ' I 'VlvSi i «fist* ' 1/ f V> V >* 'Ί Wi ,■ 
a) (U0,95 PU0,05) °2,218 x 500 b) (u0,90 ruC 
wnkUmÆmeÉ 
Cü0,  P V l O ) °2,208 χ 200 
c) Γθ,85 \ l 5 ) °2,23 
Fig, k - Microstructure of the "M,0 " type single phase at room temperature, 
15-
(uO,85 PU0,15) °2,53 χ 200 
Fig. 5 - Microstructure of two phase region M'^0g + M"0_ 
at room temperature 
+X 
% f * 0 
Ol 
Fig. 6 Orthorhombic + cubi two phase region at 1000° C 
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χ 500 
(U0,90 Pu0,10) °2,32. Orthorhombic M' 0Q 
.? ö­z 
precipitates at the grain boundaries of the M"0_ matrix 2+x 
Fig. 7 ­ Microstructure of two phase specimens at 1000° C 
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Like in the room temperature phase diagram, no s u p e r s t r u c t u r e 
l i n e s corresponding to the U.O s t r u c t u r e type were found in 
the region around M0_ __. 
The M' 0o + M"0_ reg ion a t 1000 C i s very s i m i l a r to t h a t 3 o-z 2+x ° 
observed a f t e r slowly cool ing a t room tempera tu re ; the maximum 
Pu conten t of the Μ-,Οη phase i s about y = 0.06 and the t i e -
l i n e s behave s i m i l a r l y (see s e c t . 2 . 6 . ) . The l i n e s l i m i t i n g 
the diagram towards high oxygen con ten t s a r e no phase boun­
d a r i e s , but l i n e s of maximum ox ida t ion in a i r (see s e c t . 2 . 5 · ) · 
2 . 3 . Phase_diagram_at_l400°C 
Samples were oxidized a t 1400 C for 6 - 2 0 h r s and quenched. 
The phase diagram for the reg ions s t u d i e d i s given in f i g . 8 . 
Q u a l i t a t i v e l y i t shows the same phase f i e l d s as t h a t for 1000 
Examples of the m i c r o s t r u c t u r e s a r e shown in f i g . 9 and 10. 
We did not succeed in p repar ing s i n g l e phase M^OQ , because 
i t s d i s s o c i a t i o n p r e s su re a t 1400 C i s h igher than the oxygen 
p a r t i a l p r e s su re in a i r . So we could not d i r e c t l y determine 
the s o l u b i l i t y of plutonium in U OQ a t 1400 C. But from the 
s tudy of the t i e - l i n e s in the M ' 0 Q + M"0_ f i e l d , a maxi-
3 o-z 2+x ' 
mum solubility of about 2 % Pu can be deduced for our experi­
mental conditions. Similarly, the oxidation limit of the two 
phase specimens at 1400 C is lower than at 1000 C, so the re­
gion studied is somewhat smaller. 
2.4. Metastable phase diagram at 6OO C 
The samples were oxidized at 6OO C in an atmosphere of appro­
priate oxygen partial pressure for 20 to 30 hrs and quenched. 
The results are given in fig. 11. 
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l i k i - Phase diagram at ltoO · C 
20 
χ 500 
a) (U0,70 PU0,30) °2,24. Single phase M02+. 
χ 200 
b) (U0,90 Pu0,10) °2,27. Single phase M02 +x 
Fig. 9 - Microstructure of the f.c.c. M0~ phase at 1400° C 2+x 
21 
a) (U0,95 Pu0,05) °2,54 χ 500 
b) (U0,80 PU0,20) °2t42 χ 1000 
Fig. 10 - Microstructure of two phase region M'0fi + M"0~ 
at 1400° C +x 
m m tu m is 
Fig, 11 - Metastable phase diagram at 600° C 
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This phase diagram differs from the other ones described above 
mainly by two points : 
1) A tetragonal phase of the U^07 type, called consequently 
M.,0 , replaces the cubic phases coexisting with M' Oo at the 
three temper; 
temperature. 
ratures discussed before and with MO,, at room 
2+x,, 
2) In the two phase field M~On + M-,0„, the two phases have 
the same plutonium content. 
Samples oxidized at higher temperatures, cooled to 600 C, kept 
at this temperature for 6 hrs and then quenched, did not show 
a tetragonal phase. So it must be concluded that M O is a 
metastable phase. The tetragonal phase was observed together 
with M0_ o n at 0/M<2.20, as a single phase at 0/M ratios be­
tween 2.27 and 2.28 (see fig. 12) and together with M Oo at 
0/M ^2.35· In the two phase samples it had lattice parameters 
a ~5·39, c ~ 5.54, with c/a ratios from 1.028 to I.03I. This 
fits the data of Υ,,-U 0 as named by PERIO (8), a variety which 
has been described by many workers (see ref. 9 for a recent re­
view). So it has to be concluded that up to 20 % of the U atoms 
of U 0 can be replaced by Pu without noticeable change in lat­
tice dimensions. In the two single phase samples observed, the 
tetragonal phase had c/a = I.OI3 and c/a = I.OO8, resp. with 
a /ν5·4θ5 in the two cases. These c/a ratios approximate that 
given for Y -U 0 by PERIO (8). 
For y = O.25 no M 0_ phase was found, but a single f.c.c. phase 
at 0/M = 2.325 and 0/M = 2.357, and two coexisting f.c.c. pha­
ses for lower 0/M ratios. The corresponding lattice parameters 
are reported in table III. 
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(U0,85 P U0,15 ) °2,28 χ 500 
Fig. 12 - Microstructure of the M,0„ single phase at 600°C 
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O/M 
2.26 
2.29 
2.325 
2.357 
Χ · C · C · s. 
5.4255 + 0.0005 
5.4260 + 0.0005 
5.4256 + 0.0005 
5.4247 + O.OO05 
f . c .c ._ 
5Λ527 + 0.0010 
5.4534 + O.OOO5 
Table III 
f.c.c. lattice parameters at y = 0.25 for samples oxidized 
at 6OO °C, 
The four samples of table III constitute an internally cohe­
rent set of values. In fact, the lower parameters of the two 
phase samples approximate the parameter of the single phase 
sample with the lower 0/M ratio. So we must conclude that the 
lower limiting 0/M ratio of the single phase region is 2.32. 
The higher parameter of the two phase samples corresponds 
approximately to Ufi TCPUQ 2ς^ρ oo* ^° ^ Ο Γ ^ = ®·^5 we have 
the same situation as for lower Pu contents with the exception 
that the tetragonal phase is replaced by a cubic phase of 
about the same 0/M. 
Also for y = O.3 and y = 0.4 we found two f.c.c. phases at 
lower oxygen contents and one f.c.c. phase at 0/M 2.30, but 
a rather large dispersion of lattice parameter values did not 
allow us to fix the phase limits in this region. 
Single phase H On could be obtained only for y up to 0.10 with 
the air oxidation treatment. At y = O.I5 and y = 0.2, M On 
was obtained only in two phase samples. For y = 0.25, no Μ-,Οη 
phase was formed by oxidation in air. The M On single phase 
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region has been drawn to at least y = 0.2, as no noticeable 
cation diffusion takes place at 600 C, and so in the two phs 
samples with y = 0.2 no Pu depletion of the M On occurs. 
2.5· Oxidation limit in air 
Samples with Pu content y between 0.05 and 0.9 have been com-
pletely oxidized in air for 20 hrs at 600°, 1000°, and 1400°C. 
Only pellets, no powders were used for oxidation in this ex-
periment. The 0/M ratio of the oxidation limit decreases with 
increasing temperature. The dotted lines drawn in the phase dia-
grams for the different temperatures represent the composition 
for which the dissociation pressure is equal to the oxygen 
partial pressure in air. 
2.6. Tie-lines in the M' ,0Q + M"0_ field 
Four independent quantities have been combined to determine the 
tie-lines in the M ' 0 Q + M"0_ phase field at room tempera-
3 o-z 2+x r r 
ture, 1000° and 1400°C. M' means (U,Pu) with low Pu content 
y', M" means (U,Pu) with high Pu content y". 
The samples have been analyzed in the oxidized state as well 
as after having been reduced again to 0/M = 2.00. This re-
duction performed at 85O C in CO/CO (6) leaves the cation 
concentrations unchanged, leading thus to 2 f.c.c. phases 
M'O and M"0 
2.00 2.00 
Samples oxidized at 6OO C and then reduced back to 0/M = 2.00 
showed only one M0? Q Q phase, thus indicating that no U-Pu 
segregation had occurred between the M-.On and M O phases. 
The four independent quantities are : 
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a) M'/M" ratio; This has been determined from the ratios 
of diffraction line intensities of the two coexisting pha­
ses in the oxidized as well as in the M*0_ 0 Q + Μ'Ό» Q 
state. The average of these two determinations was used. 
Intensity ratios M' On /M"0_ were calibrated against 
mixtures of known U-.0Q/UO~ ratio. For M'0_ __ + M"0_ Λ_ 
3 o' 2+x 2.00 2.00 
i n t e n s i t y r a t i o s a r e assumed to be equal to M'/M" r a t i o s . 
b) y1·,: For M' On , y ' has been ob ta ined from the b / a 
r a t i o of t h i s orthorhombic phase us ing s u i t a b l e c a l i b r a ­
t i o n curves t h a t w i l l be d i scussed in s e c t . 2 . 7 . 
c) y" : Vegard 's law between U0„ and PuO_ __ was used * ° 2.00 2.00 
for f ind ing y" from the l a t t i c e parameters of M"0_ __. 
d) 0/M : This was measured g r a v i m e t r i c a l l y in the usual 
way. 
T h e o r e t i c a l l y two of these four independent va lues would be 
s u f f i c i e n t to c o n s t r u c t the t i e - l i n e for a given specimen. 
But i t was found t h a t impréc is ions on . t he four v a r i a b l e s were 
too l a r g e to allow t h i s . t o be done. So only samples where a t 
l e a s t t h r e e v a r i a b l e s agreed with each o ther were used to con­
s t r u c t the t i e ­ l i n e s given in the phase diagrams. To keep the 
diagrams s u f f i c i e n t l y c l e a r , only some c h a r a c t e r i s t i c t i e ­
l i n e s are i n d i c a t e d . I t i s seen t h a t the t i e ­ l i n e s for 1400 C 
extend from 0 < y ' £ , 0 . 0 2 a t the Μ­,Οη s i d e , to values mainly 
between y" = 0.25 and y" = 0.45 a t the M0_ s i d e , f o r o v e r a l l 
Pu contents from y = 0.05 to y = 0 .4 and r a t h e r high degrees 
of o x i d a t i o n . The l i m i t i n g concen t r a t i on of Pu in M­,0Q a t 
3 o­z 
1400 C is thus found to occur at y*v»0.02. In the same manner, 
the limiting concentration at 1000 C was determined as being 
y /v0.06. At both temperatures, a high degree of oxidation 
and a high Pu content make the tie­lines to higher Pu contents 
at their two end points and vice versa. 
28 
The t i e - l i n e s and l i m i t i n g Pu concen t r a t i on in U On a t room 
temperature a r e very s i m i l a r to those observed a t 1000 C. 
2 . 7 · The s t ructure_of_the_U On_type_phase 
The s t r u c t u r e of U,0n i s u s u a l l y descr ibed in orthorhombic co­
o r d i n a t e s with a ~ 6 .7 , b ·ν 11 .9 , c *>/ 4.15 (10)( 11 ) (12 ) . A 
hexagonal s t r u c t u r e has been found in some c a s e s , as for example 
in the work of SIEGEL (13)(14) who gives a complete indexing 
of hexagonal U-,0n· No completely indexed p a t t e r n of orthorhom­
bic II On was a v a i l a b l e in the l i t e r a t u r e , and the re i s no de­
f i n i t e agreement on i t s space group. So an orthorhombic i n ­
dexing had to be found t h a t f i t t e d our experimental d a t a . 
I t was observed t ha t in M On p a t t e r n s a number of l i n e doub­
l e t s merged p r o g r e s s i v e l y to broad s i n g l e l i n e s as experimen­
t a l cond i t ions v a r i e d . The p a t t e r n so ob ta ined corresponded 
to the hexagonal p a t t e r n given by SIEGEL (13) · So in our 
samples a continuous t r a n s i t i o n from t r u e orthorhombic to 
nea r ly hexagonal p a t t e r n s could be observed, analogous to 
the t r a n s i t i o n found by SIEGEL. As hexagonal l a t t i c e s can be 
descr ibed in terms of orthorhombic c o - o r d i n a t e s , t h i s t r a n s i ­
t i o n provided the means to check p o s s i b l e orthorhombic Mi l l e r 
i nd i ce s by the known hexagonal i n d i c e s , us ing the t ransforma­
t i on r e l a t i o n s between hexagonal and orthohexagonal i n d i c e s 
of the same l a t t i c e p l a n e . The Mi l le r i n d i c e s thus ob ta ined 
are given in t a o l e IV. Table V shows a t y p i c a l example of our 
Μ-,Οη p a t t e r n s . 
L i t e r a t u r e data and our own measurements i n d i c a t e t h a t in 
orthorhombic U-,Οο the l a t t i c e parameter a i n c r e a s e s and the 
l a t t i c e parameter b decreases with decreas ing 0/U r a t i o . The 
r e l a t i o n between the r a t i o b /a and the oxygen content 0/U i s 
shown in f i g . 13· The r a t i o b / a was chosen as i t p a r t l y e l i ­
minates experimental e r r o r s e x i s t i n g in a and b . In our p l u t o -
HEX 
001 
110 
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002 
300 
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224 
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0 . 1 2 . 1 
661 
(193) 
463 
533 
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334 
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404 
0 . 1 2 . 2 ? 
662 
4 . 1 2 . 0 ? 
8OO 
OO5 
1 1 5 ? 
414 
005 
135 ? 
205 ? 
(194) 
464 
534 
Table IV Correspondance between Mil le r indices of hexagonal and 
or thorhombic U,O f t . Indices between b racke t s were ve ry 
r a r e l y found in our s a m p l e s . A quest ion m a r k means that 
a l ine was found at that p lace , but i t s position deviated 
m o r e than normal ly from theore t i ca l posit ion. 
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Table V Typical example of diffraction pattern of M,Of t. Composition u'Q> g j P u ^ ^O^ ^ single phase. 
2 0 and d are corrected with reference to gold 
used as an internal standard. Debye­Scherrer in­
tensities are peak heights of photometric record. 
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m 
1.77 
1.76 
175 
1.74 
1.73 
\ 
\ 
\ 
\ 
\ 
\ 
2.70 2.65 2.60 2.55 250 0/ 
Fig. 13 - Orthorhombic b/a as a function of 0/U in U,On and 
M3°8 
+ this work 
o literature data taken from the compilation of STEEB (15) 
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nium-containing samples, the variation of b/a is larger than 
could be expected from the differences in oxygen content mea­
sured. It has to be concluded that addition of Pu also makes 
b/a decrease, and that in our specimens both oxygen content 
and plutonium content contribute to the change in lattice di­
mensions. To separate them, the b/a ratios of H On phases 
with known Pu content were plotted against y (fig. 14). A 
straight line could be drawn with a good approximation, 
through the points representing the low oxygen limit of Μ-,Οη 
As this limit has the same oxygen content for all Pu concen­
trations studied, the straight line of fig. 14 represented 
the variation of b/a with Pu content only. It has been used 
for determining y1 from b/a in sect. 2.6. 
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α 
χ 
ITI — 
+ ± 
1.76 — 
175 — 
1.74 — 
173 Ί 
15 10 
100 y 
Fig. 14 - Orthorhombic b/a as a function of y 
χ single phase samples, oxidized at 6θΟ° C 
o single phase samples, oxidized at 1000° C 
+ single phase samples, oxidized at 1400° C 
single phase samples, oxidized at 750° C (4) 
Underlined points correspond to Μ,Οη coexisting 
with M0_ of the same Pu content and therefore 2+x 
represent the low oxygen limit of Μ-,Οη . 
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Discussion 
The phase diagrams proposed tentatively by MARKIN and STREET (1) 
(2) have been partially modified by this work. We found that at 
room temperature the single phase region "M.O" exists for low 
Pu y 
TT - ratio. Furthermore, the two phase region "M.O" has been en-U+Pu 0 4 9 p u 
larged in the direction of low TJ ratio arid closed at about ^ p 
= 0.32. It is unlikely that the "M.O" type phase exists for pluto-
nium concentration much higher than 30 % as suggested (1). 
Like MARKIN and STREET, we did not find any indication of a super-
lattice for the so-called "M.O" type phase. Therefore this phase 
cannot be crystallographically related to the U.O which is con-
sidered an ordered type of the f.c.c. U0_ structure. On the 
^ * 2+x 
other hand, the fact that U.O and "M. 0 " precipitates are morpho-
logically comparable as revealed by metallographic analysis, leads 
us to assume a close similarity between the U-Pu-O and the U-D 
system, at least for Tf~pT — 0*30 and rr up to 2.27. It is thought 
that "M.0 " differs from M0p but is not a completely ordered 
structure. The two phase region has been closed in the direction 
of high plutonium content with a dashed line only because of the 
difficulties to prepare suitable samples. It is nevertheless likely 
that it meets the phase boundary against the two phase field con-
taining the cubic and the M,00 phase. The M^0o phase could be 
3 o-z 3 o-z 
in equilibrium with "M,0 " or M0? according to the plutonium con-
tent. 
The M^On single phase region was given with its oxygen content de-
creasing with increasing Pu content, in the phase diagrams proposed 
earlier (1.2). Our results show that at least the low oxygen limit 
of this region remains constant with increasing Pu content. This is 
shown by the fact that at 1000 C, e.g., the single phase M^0Q is 
3 o 
obtained with virtually the same 0/M ratio for y = 0 and y = 0.05· 
Furthermore, two phase samples with a noticeable proportion of cu-
bic phase are found at all temperatures at or near oxygen contents 
inside the M^Og single phase region as proposed by MARKIN and 
STREET. 
- 3 5 -
I t i s to be noted fu r the r t h a t we determined a r a t h e r d i f f e r e n t 
p o s i t i o n of t he t i e - l i n e s in the M'On + M"0 two phase reg ion 
than t h a t given by MARKIN and STREET, on the b a s i s of t h e i r own 
and of BRETT and FOX' (4) r e s u l t s . In p a r t i c u l a r , no t i e - l i n e was 
observed by us extending to very high plutonium con ten t s as in the 
work of BRETT and FOX. T i e - l i n e s p a r a l l e l to l i n e s of cons tan t y, 
as given by MARKIN and STREET for room tempera ture , were not found 
by us except for the me tas tab le 600 C phase diagram. 
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Legend for the phase diagrams figs. 1, 6, 8 and 11 
O orthorhombic M,00 
3 o-z 
Π orthorhombic M^ On + f . c . c . 
Φ s i n g l e phase f . c . c . 
two f . c . c . phases X 
a 
tetragonal ("MO") phase 
orthorhombic Μ-,Οη + tetragonal phase 
/\ f.c.c. MO- _ + tetragonal phase 
'·—·—· 
) 
) phase l i m i t s 
) 
t i e - l i n e s 
oxidation limit in air 
Figures 2 or 3 on an experimental point means overlapping of 
2 or 3 measurements. 
The phase relations for 0/M < 2.00 were omitted from the dia­
grams. 
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